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Abstract 

The main purpose of this study was to develop a novel, in situ gel system for sustained delivery of ranitidine hydrochloride. Raniti- 
dine in situ gels at 0.2%, 0.5%, and 1.0% gellan gum concentration (w/v) were prepared, respectively, and characterized in terms 
of preparation, viscosity and in vitro release. The viscosity of the gellan gum formulations in solution increased with increasing 
concentrations of gellan gum. In vitro study showed that the release of ranitidine from these gels was characterized by an initial 
phase of high release (burst effect) and translated to the second phase of moderate release. Single photon emission computing 
tomography technique was used to evaluate the stomach residence time of gel containing ^^^Tc tracer. The animal experiment 
suggested in situ gel had feasibility of forming gels in stomach and sustained the ranitidine release from the gels over the period 
of at least 8 h. In conclusion, the in situ gel system is a promising approach for the oral delivery of ranitidine for the therapeutic 
effects improvement. 
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INTRODUCTION 

H2-antagonists or proton pump inhibitors were clinically 
used in treating chronic conditions like peptic ulcer and reflux 
oesophagitis. H2-antagonists competitively inhibit histamine 
actioned at all H2-receptors, but were mainly used clinically as 
inhibitors of gastric acid secretion (Rang at al., 2003). Local 
availability of H2-antagonists in stomach had a greater clinical 
significance in treatment of peptic ulcer (Pellinger at al., 201 0). 

Ranitidine hydrochloride is a histamine H2-receptor antago- 
nist. It was widely prescribed in active duodenal ulcers, gastric 
ulcers, Zollinger-Ellison syndrome, gastroesophageal reflux 
disease, and erosive esophagitis. The recommended adult 
oral dosage of ranitidine was 150 mg twice daily or 300 mg 
once daily. The effective treatment of erosive esophagitis re- 
quired administration of 150 mg of ranitidine 4 times a day. A 
conventional dose of 150 mg can inhibit gastric acid secretion 
up to 5 hours but not up to 10 hours. An alternative dose of 
300 mg lead to plasma fluctuations; thus a sustained release 
dosage form of ranitidine was desirable (Betlach at al., 1 991 ). 
Moreover, due to the short biological half-life of drug (-2.5- 
3 hours), and consequently, a frequent dosing regimen was 



needed. 

Several approaches have been used in designing oral ra- 
nitidine sustained forms with high absorption and lasting drug 
effects. For example, floating drug delivery made of hydroxy- 
propyl methylcellulose (Dave at al., 2004), carbopol (Adhikary 
and Vavia, 2008) ethyl cellulose (Mastiholimath at al., 2008), 
sodium alginate (Rohith at al., 2009) and osmotic technology 
(Kumar at al., 2008) can increase the drug retain in the stom- 
ach and resulting in increased absorption. However, due to 
high viscosity floating drug delivery have the disadvantage of 
being difficult to develop. 

Oral in situ gel, or environment sensitive gel, is a new dos- 
age form which has been applied in drug delivery recently. 
Compared with traditional formulations, in situ gels were ad- 
ministered as low viscosity solutions, and under the sensitive 
environment, the polymer changed conformation producing a 
gel, so it cannot only prolong the contact time between the 
drug and the absorptive sites in the stomach, but also release 
drug slowly and continuously, hence, it was especially useful 
for those drugs used chronically. Among oral in situ gel, the 
phase transition can be induced by a shift in temperature as 
for the thermo gelling xyloglucan (Miyazaki at al., 2001) or by 
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the presence of cations as for gellan gum (Miyazaki et al., 
2001), sodium alginate, pectin (Kubo etal., 2004). 

Gellan gum is an anionic deacetylated, exocellular polysac- 
charide secreted by Pseudomonas elodea with a tetrasaccha- 
ride repeating unit of ip-L-rhamnose, ip-D-glucuronic, acid 
and 2p-D-glucose. The mechanism of gelation involves the 
formation of double-helical junction zones followed by aggre- 
gation of the double-helical segments to form a 3-D network 
by complexation with cations and hydrogen bonding with water 
(Grasdalen and Smidsroed, 1987; Chanrasekaran efa/.,1988; 
Chanrasekaran and Thailambal, 1990). Many paper previ- 
ously examined the feasibility of using gellan formulations for 
the oral sustained delivery of drug (Miyazaki et al., 2001 ). The 
proposed formulation was a gellan solution containing calcium 
carbonate (as a source of Ca^^ ions) and sodium citrate, which 
complexed the free Ca^^ ions and released them only in the 
highly acidic environment of the stomach. In this way the for- 
mulation remained in liquid form until it reached the stomach, 
when gelation was instantaneous. 

In the present study, a oral sustained delivery system of 
ion-activated in situ gel for ranitidine with gellan gum was de- 
veloped; and its viscosity, release, hydrogel formation in vitro 
and in vivo animal study were investigated. 



MATERIALS AND METHODS 

Materials 

Ranitidine was gifted by the Department of Pharmaceutics 
hi-stonepharm Pharmaceuticals Ltd. (Jiangsu, China). Gellan 
gum was obtained from ZhongWei Biochemical Ltd. (Shang- 
hai, China). DTPA (Diethylene triamine pentacetate acid) was 
gifted by the department of radiotherapy of our hospital. All 
other reagents were of commercially analytical-grade. 

Preparation of in situ gel 

Gellan gum solutions of concentrations 0.25, 0.5 and 1.0% 
w/v were prepared by adding the gum to ultrapure water con- 
taining 0.17% w/v sodium citrate and heating to 90°C while 
stirring. After cooling to below 40°C appropriate amounts of 
calcium carbonate (0.75% w/v) and ranitidine (1% w/v) were 
then dissolved in the resulting solution. 

Measurement of viscosity of in situ gel 

The viscosity of gells prepared in water were determined 
with a rotational viscometer (NDJ-5S, Shanghai, China) using 
a 20 mL aliquot of the sample. Measurements were performed 
using suitable spindle number at 6, 12, 30, 60 r/min, and the 
temperature was maintained at 37°C. The viscosity was read 
directly from the viscometer display. All measurements were 
made in triplicate. 

Measurement of drug release rate from gels 

The in vitro release of ranitidine from the gels was mea- 
sured as described by (Miyazaki etal., 1984) with slight modi- 
fication using USP dissolution test apparatus (USP 36, 2013) 
with a paddle stirrer at 50 rpm. The dissolution medium used 
was 500 ml of 0.01 N HCI (pH 2.0), and temperature was main- 
tained at 37 ± 0.2°C. Ten milliliter of formulation was drawn 
up using disposable syringe, the needle was wiped clean and 
excess formulation was removed from the needle end. Ten 
milliliter of in situ gel solution was placed into Petri dish and 



Petri dish containing formulation was kept in the dissolution 
vessel containing dissolution medium. At every time interval, 
a precisely measured sample of the dissolution medium was 
removed and replenished with pre-warmed (37°C) fresh medi- 
um. The amount of ranitidine in each sample was determined 
by HPLC (LC-10A, Shimadzu Co Ltd, Kyoto, Japan). 

Scintigraphic studies 

In vivo residence time of the developed formulation was 
assessed by gamma scintigraphy. Twelve white male rabbits 
weighing 2.5 ± 0.2 kg were divided into 2 groups at random. 
Single photon emission computing tomography (ZLC 3700, 
Munich, Germany) auto was tuned to detect the 140 KeV ra- 
dioactivity of ^^^Tc-DTPA. In situ gel incorporating ^^^Tc-DTPA 
(74 MBq/ml) at the gellan gum concentration of 1% was pre- 
pared as described earlier (without drug). The rabbit was posi- 
tioned 1 0 cm in front of the probe and 2 ml of the radio labeled 
gel, which was stored in 20°C for 30 min before use, were 
administered orally. Recording started 5 s after administration 
and continued using a 128x128 pixel matrix at predetermined 
time intervals. Each animal was used only once throughout 
these trials. 

In vivo experiments 

Twelve white male rabbits weighing 2.5 ± 0.2 kg were fast- 
ed for 24 h prior to the experiments but allowed free access to 
water. Rabbits were divided into 2 groups at random. A yoke 
was used to avoid the possibility of coprophagy, in addition 
to the fasting process, which ensured that very little food was 
present in the stomach (from visual observation). Gels con- 
taining ranitidine were produced in situ by oral administration 
of 10 ml of the appropriate solution containing 100 mg of drug 
using a stomach sonde needle for rabbits. A stomach sonde 
needle was also used for oral administration of ranitidine sus- 
pension (100 mg in 10 ml). At given intervals, 0.5 ml blood 
samples were taken from the ear vein and analyzed as de- 
scribed below. The animal experiment was carried out in com- 
pliance with the protocol of Animal Use and Care by Medical 
Center of Jiaotong University (China). 

Determination of ranitidine 

The analysis of ranitidine levels in vitro and in vivo were car- 
ried out using an RP-HPLC method in a system equipped with 
a LC-10ATVP pump, a SPD-10AVP UV-Vis detector (Shimad- 
zu, Kyoto, Japan), and a HS2000 interface (Empire Science 
& Tech, Hangzhou, China) operated at 230 nm. A reversed- 
phase column (Gemini 5 jam CI 8, 150x4.6 mm, Phenomenex, 
California, USA) was used at 40°C. The mobile phase con- 
sisted of 0.01 M phosphate buffer at pH 6.2 containing 2.5 g/l 
heptanesulfonic acid:acetonitrile (75:25) at a rate of 1.0 ml/ 
min. Samples of 20 jul were injected into the HPLC column for 
all the analysis. 

Tissue samples, 100 jul of plasma was added 100 )il of ci- 
metidine solution (10 \ig /ml) as internal standard, 100 \i\ of 
1 M sodium hydroxide, 100 |liI of saturated solution of potas- 
sium carbonate, and 1ml of ethyl acetate-isoamyl alcohol 
(96:4) and the sample was vortex-mixed and centrifuged. To 
100 |Lil supernatant was added 100 jul of 0.01 M hydrochloric 
acid. After shaking and centrifugation, the aqueous phase was 
passed through a Millipore filter (0.45 |Lim) and injected into the 
HPLC column for all the analysis. 
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Fig. 1 . Photograph showing the appearance of gellan gel formed in 
simulated gastric fluid pH 2.0. 
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Fig. 2. Viscosity for the various gellan gum solution. 



RESULTS 

Characteristic of in situ gel 

The developed fornnulations nnet all the pre-requisites to 
perfornn an in situ gelling systenn, behave like a fluid, but fornn 
a rigid gel when at the pH conditions of the stomach (Fig. 1). 
The calciunn carbonate present in the fornnulation as insoluble 
dispersion was dissolved and releases carbon dioxide on re- 
action with acid of the stonnach and the in situ released cal- 
ciunn ions result in formation of gel with floating characteristics. 
The solutions were typically of pseudo plastic systems and 
showed a marked increase in viscosity with increasing con- 
centration of gellan as shown in Fig. 2. 

In vitro drug release 

The effect of polymer concentration on in vitro drug release 
from in situ gels was shown in Fig. 3. The results showed that 
the release of ranitidine from these gels was characterized by 
an initial phase of high release (burst effect). However, during 
the hydrogel formation, a portion of ranitidine might be loaded 
into the hydrogel phase, and the remaining drug was released 
at a slower rate followed by a second phase of moderate re- 
lease. This bi-phasic pattern of release is a characteristic fea- 
ture of matrix diffusion kinetics. In addition, the release rate 
also depended on the gellan gum concentration. The release 
rate from various gellan gum formulations could be ranked as 
follows: 0.25%>0.5%>1%. 
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Fig. 3. Release profiles of drug from various gellan gum formula- 
tions. 
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Fig. 4. Scintigraphic image of rabbits after gel and suspension ad- 
ministration. A: suspension (1 h); B: in situ gel (1 h); C: in situ gel (3 h); 
D: insituge\ (8 h). 



Scintigraphic studies 

The in vivo bio-adhesion of the ^^"'Tc-labeled gels is shown 
in Fig. 4. As expected, the rabbits taken after 8-h post-admin- 
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— 1% gellan gum gel 




Time (h) 

Fig. 5. Plasma concentrations of ranitidine in rabbits after oral admin- 
istration of 1% gellan gum gel and an aqueous solution. All formula- 
tions contained 100 mg ranitidine. Each value represents mean ± S.E. 
of five determinations. 



istration of in situ gels showed the presence of nnajor portion 
of gels in the stonnach indicating increase the residence tinne 
of the fornnulation. The more quantitative data were further 
dennonstrated by our following reports. Form the point of im- 
aging data, during 1 h the radiation intensity of gel suspension 
and in-situ gelling were almost the same, but over time, the 
suspension had been gradually eliminated, basically no radio- 
logical marker inside stomach. However, in the group of in-situ 
gelling, with the passage of time due to the formation of a gel 
in the stomach, it maintained a certain intensity of radiation 
during 3 h and 8 h. 

In vivo release 

Plasma drug levels following oral administration to rabbits 
of ranitidine from 1 .0% (w/v) gellan gum gel and from the sus- 
pension of ranitidine, are compared in Fig. 5. The area under 
the plasma concentration-time curve (AUC) and the mean res- 
idence time (MRT) obtained from the plasma concentration- 
time data of each animal using a personal computer program 
for model-independent analysis are summarized in Table 1. 
For the pharmacokinetic analysis of plasma, the mean (SD) 
values obtained for the in situ gel and suspension formulations 
were as follows: T , 2.8 (0.45) and 1.3 (0.67) h; C , 0.72 

max' ^ ' \ / ' max' 

(0.12) and 1.21 (0.15) ^ig/ml; AUC^g,, 3.37 (0.27) and 3.51 
(0.36) |ig-h/mL; MRT, 3.65 (0.22) and 2.27 (0.31) h, respec- 
tively. The mean residence times of ranitidine when released 
from the gels were significantly longer than that following the 
oral administration of this drug in solution. 

DISCUSSION 

In this study, in situ gels at three different gellan gum con- 
centrations were prepared. The two main pre-requisites of in 
situ gelling systems are optimum viscosity and gelling capacity 
(speed and extent of gelation). The formulation should have 
an optimum viscosity that will allow easy swallowing as a liq- 
uid, which then undergoes a rapid sol-gel transition due to ion- 
ic interaction. The rheological properties of the solutions are of 
importance in view of their proposed oral administration. The 
observed increase in viscosity with increase in concentration 
has been proposed that as the concentration of gellan gum 



Table 1. Comparison of bioavailability parameters of ranitidine adminis- 
tered from gels of gellan formed in situ in rabbit stomach and from sus- 
pension solution 



Parameter 


In situ gel 


Suspension 


Tmax (h) 


2.8±0.45 


1.3±0.67 


Cmax (i^g/nnl) 


0.72±0.12 


1.21±0.15 


AUCo.8h (lag-h/ml) 


3.37±0.27 


3.51±0.36 


MRT (h) 


3.65±0.22* 


2.27±0.31 



*p<0.05 compared with suspension solution. 



increased, the polymer chains approached closer, and the 
number of interactions between the polymer chains increased 
which lead to a denser 3-D network structure (Nickerson and 
Paulson, 2004). 

Because the release rate of a drug directly affected its ab- 
sorption process in vivo, ranitidine release through the differ- 
ent gellan gum formulations was examined using the dissolu- 
tion method. Release results indicated that the structure of 
the gel became more closely packed and functioned as an 
increasingly resistant barrier to drug release as the concentra- 
tion of polymer increased. 

Several methods, both in vitro and in vivo, have been used 
to evaluate transport rates (Zou et al., 2007). Advantages of 
the gamma scintigraphic technique lie in the ability to non-in- 
vasively monitor the deposition and clearance of drug formula- 
tions, allowing both quantitative and photographic illustrations 
of distribution and clearance of the radio labeled formulation. 
Employing this technique to evaluate the clearance of in situ 
gels requires a radiotracer which is stable and non-diffusible to 
prevent absorption into the vascular compartment. ^^"'Tc tracer 
is reported as technically easy to perform and met all the req- 
uisites. Therefore, ^^^Tc-DTPA was used in this study. 

The in situ gel contained the optimum levels of sodium ci- 
trate and calcium carbonate and formed gels in the stomach at 
37°C. Rapid absorption from the suspension produced a peak 
plasma drug concentration of 1.2 [ig/m\ at 1 h. A sustained 
release of drug from the gels was evident from the concentra- 
tion-time profiles. For example, release of ranitidine from the 
in situ gel decreased gradually from about 0.7-0.2 jug/ml over 
the 2 h period following administration. All of the formulations 
are homogeneous liquids and do not have the problems as- 
sociated with the administration of suspensions. In addition, 
it may be possible to achieve a more sustained release by 
manipulation of the concentrations of the components of the 
in situ gelling formulations. 

In amount, ranitidine in situ gel can be prepared by mix- 
ing the ranitidine, gellan gum. The gel was typically of pseudo 
plastic systems and presented undergoes a sol-gel transition 
at the pH conditions of the stomach in vitro study. The animal 
experiment suggested in situ gel has feasibility of forming gels 
in stomach and sustaining the ranitidine release from the gels 
over the period of at least 8 h. In conclusion, the in situ gel sys- 
tem is a promising approach for the oral delivery of ranitidine 
for the therapeutic effects improvement. 
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